INTRODUCTION
Recently, the American Society of Clinical Oncology (ASCO) clinical practice guidelines were updated in terms of the use of endocrine therapy for premenopausal hormone receptor (HR)-positive breast cancer to recommend ovarian function suppression (OFS) for high-risk patients who require adjuvant chemotherapy [1] . To date, tamoxifen, a selective estrogen receptor (ER) modulator, has been recommended as the standard therapy for premenopausal HR-positive breast cancer, such that OFS was indicated only when tamoxifen could not be used as the primary adjuvant endocrine therapy.
Endocrine therapy for breast cancer began with bilateral oophorectomy in premenopausal women with inoperable breast cancer at the end of the 19th century. Thereafter, ovarian ablation (OA), including pelvic irradiation, has served as the main endocrine therapy for premenopausal patients with HR-positive breast cancer, and it is still used as an effective treatment modality in special medical situations [2] . Luteinizing hormone-releasing hormone (LHRH) agonists were developed in the 1970s and used to suppress ovarian function for the treatment of premenopausal breast cancer in the 1980s, and over time, OFS was gradually substituted for OA. The therapeutic roles of OA and OFS have been reliably evaluated with meta-analyses by the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) since 1985 [3] . Recently, the definitive therapeutic role of OFS in combination with tamoxifen or aromatase inhibitor (AI) following chemotherapy was demonstrated by large randomized trials, including Suppression of Ovarian Function Trial (SOFT) [4] and Tamoxifen and Exemestane Trial (TEXT) [5] . Subsequently, the ASCO clinical practice guidelines were updated to recommend OFS Historically, endocrine therapy for breast cancer began with ovarian ablation (OA) for the treatment of premenopausal patients. After the identification of estrogen receptors and the development of many antiestrogens, tamoxifen has been approved and used as the standard endocrine therapy for hormonal receptor (HR)-positive premenopausal patients to date. With the development of luteinizing hormone-releasing hormone agonists, the paradigm of endocrine therapy for premenopausal women with HR-positive breast cancer began to change from OA to ovarian function suppression (OFS). To date, the indication for OFS was limited to those premenopausal patients with HR-positive breast cancer who were unable to use tamoxifen as the primary adjuvant endocrine therapy. However, following the definitive demonstration of the therapeutic role of OFS added to tamoxifen or aromatase inhibitor after chemotherapy in large randomized trials, such as Tamoxifen and Exemestane Trial or Suppression of Ovarian Function Trial, the American Society of Clinical Oncology guidelines for the use of endocrine therapy in premenopausal HR-positive breast cancer were recently updated to recommend OFS in high-risk patients who required adjuvant chemotherapy. In contrast, the role of OFS to protect ovarian function during chemotherapy in premenopausal women has remained controversial, and some evidence showing the protective effect of OFS on the ovaries during chemotherapy as well as its therapeutic effect for breast cancer in premenopausal women with HR-negative breast cancer was recently published. Further evaluation is necessary to determine its exact role. In conclusion, the role of OA or OFS has been evolving, not only to improve the efficacy of breast cancer treatment, but also to preserve ovary function. OFS remains a main strategy for premenopausal women with HR-positive early breast cancer, though its exact role should be determined in further studies.
in high-risk patients who required adjuvant chemotherapy for premenopausal HR-positive breast cancer [1] . In contrast, the additional role of OFS in the protection of the ovaries from chemotherapy or irradiation therapy in premenopausal women was proposed, though its effectiveness remains controversial. Recently, a randomized controlled trial (RCT) of OFS during chemotherapy demonstrated its protective effect as well as its therapeutic effect in premenopausal women with breast cancer [6] .
The roles of OA and/or OFS in the treatment of premenopausal breast cancer are still evolving, and in this article, the author performs a historical overview and explores the clinical evidence for the use of OA or OFS in adjuvant setting for premenopausal patients with HR-positive early breast cancer.
HISTORICAL OVERVIEW

Ovarian ablation
Endocrine therapy for breast cancer began at the end of the 19th century with bilateral oophorectomy, performed by a Scottish surgeon George Thomas Beatson in 1895. This was a new method for the treatment of premenopausal patients with breast cancer, and his successful results were published in 1896 [7, 8] . He thought that bilateral oophorectomy would bring about a fatty degeneration of cancer cells in breast cancer patients, as he had observed that the removal of the ovaries could induce prolonged lactation and the fatty degeneration of breast tissue in animal studies. Earlier, in 1892, an English surgeon Thomas William Nunn suggested a relationship between ovarian function and breast cancer in a report of the regression of breast cancer after ceased menstruation in premenopausal woman. Moreover, in 1889 a German surgeon, Albert S. Schinzinger proposed the performance of bilateral oophorectomy prior to breast surgery with a rationale that oophorectomy would induce menopause, and therefore might shrink breast tumors, as had been observed in postmenopausal atrophied breasts [9] . Stanley Boyd, of Charing Cross Hospital in London, explained the surgery as an endocrine ablation for breast cancer in 1897 [10] , and reported the summary of the national oophorectomy case reports in 1900 with the very significant findings that only one-third of patients responded to OA and that responses lasted only for 1 or 2 years [11] . The mechanisms of these findings were eventually clarified with the discovery of ERs approximately 60 years later. The effect of OA with surgery was immediate and permanent, but it was accompanied by significant surgical complications, including mortality and permanent loss of fertility, and therefore, OA with surgery was not favored at that time. However, in the 1950s Huggins and Dao [12] brought back oophorectomy, combined with adrenalectomy, to the mainstream of breast cancer therapies. Nowadays, surgical oophorectomy can be performed laparoscopically, with decreased morbidity and shorter hospital stay, and it occasionally enables a discovery of ovarian micrometastasis or a chance to reduce the risk of ovarian cancer in women predisposed to the disease [13] . Surgical oophorectomy is still the most costeffective OA method, which is a particularly critical factor in some developing countries [2] .
Another OA method involves irradiation of the ovaries, which was first attempted in 1904 by a French radiologist, Foveau de Courmelles, as a substitute for surgical castration. His first case report was published in 1909 [14] . In contrast to surgery, pelvic irradiation was easier and non-invasive, but brought about irreversible changes in ovarian function with a longer time to achieve castration and unreliable long-term suppression. Compared with surgical oophorectomy, the therapeutic effects of pelvic irradiation have not been well defined, and it is generally less likely to be performed; therefore, it is considered equivalent to surgery with limited data [15] and extrapolation [16] . In this day and age, though it is still used in some countries in Western Europe and Canada, it is not widely employed [17, 18] .
Ovarian function suppression
In 1923, estrogenic hormones in the ovary were discovered by Allen and Doisy [19] . Synthetic estrogen, diethylstilbestrol, was discovered in the late 1930s and has been used for the research and treatment of breast cancer. In 1966, an ER was finally identified in rats by Toft and Gorski [20] , with advances in radioisotope chemistry and detection techniques for tritium. In contrast, estrogen antagonists, i.e., antiestrogens, were developed in 1958 and initially used as antifertility agents. Among them, tamoxifen was approved as the first safe and effective antiestrogen for the treatment of breast cancer in the 1970s and has been used ever since as the standard therapy for premenopausal patients with HR-positive breast cancer.
In 1971, LHRH was isolated and synthesized from porcine hypothalamus by Schally et al. [21] and thereafter, many LHRH agonists, i.e., modified synthetic peptides, were developed and shown to have prolonged agonistic action on LHRH receptor because of higher affinity and stability [22] . With prolonged administration of LHRH agonists, pituitary function was suppressed with initial hypersecretion of LHRH through receptor downregulation and desensitization of pituitary cells [22, 23] . Subsequently, the production of luteinizing hormone and follicle stimulating hormone decreased and serum estradiol level also decreased to a postmenopausal level. LHRH agonists have been used in many diseases including breast cancer to suppress ovarian function. Therefore, the long-term use of an LHRH agonist for the treatment of HRpositive breast cancer was considered a new medical method of OA in the reversible form, which could be seen as advantageous for the preservation of fertility in breast cancer survivors or as disadvantageous for patients with remnant or recurrent tumor cells [16] . This was the start of a new era of OFS. In the 1980s, OA therapy was gradually substituted for LHRH agonists, because of its invasiveness and irreversible effects in the treatment of premenopausal HR-positive breast cancer. In addition, the protective action of LHRH agonists against the deleterious effects of chemotherapy or radiation therapy on the ovaries was reported in some experiments [23] and applied in recent clinical trials. The therapeutic effects and toxicities of OFS were evaluated in only two RCTs of premenopausal patients with metastatic breast cancer that were closed early due to poor accrual, but they were found to be equivalent to those of OA with a limitation in data analyses due to the small number of enrolled patients [24, 25] . Thereafter, with the extrapolation of limited data, medical oophorectomy with LHRH agonists prevailed for the treatment of premenopausal breast cancer in place of OA in most clinical situations, including the adjuvant setting [26] .
OA/OFS with evidence
The effectiveness of a treatment is ultimately determined by robust evidence, such as meta-analysis or systematic reviews of RCTs according to the hierarchy of evidence. The EBCTCG was established in 1985 and it has organized systematic overviews (meta-analyses) of data from individual patients from all randomized trials of the treatment of operable breast cancers since 1985. In 2007, the group published the meta-analyses pertaining to OA in 1996 [3] , based on data collected prior to 1980 that involved surgical or radiotherapeutic ablation with at least 15 years of follow-up, including OFS [27] . Therefore, in the present article, the role of OA/OFS was reviewed across the extensive historical data, with particular focus on the meta-analyses or systematic reviews in view of the hierarchy of evidence in order to determine the exact role of each treatment and to make accurate therapeutic recommendations for clinical practice.
THERAPEUTIC ROLE OF OA/OFS IN PREMENOPAUSAL WOMAN WITH EARLY BREAST CANCER OA/OFS alone versus control
The EBCTCG's overview that focused on the use of OA in early breast cancer was published in 1996 [3] . In that metaanalysis of 12 randomized trials of OA that began before 1990 with 2,102 women aged under 50 at entry, the therapeutic role of OA alone was confirmed with significantly improved 15-year overall survival (OA, 52.4% vs. control, 46.1%; log rank 2p= 0.001) and recurrence-free survival (OA, 45.0% vs. control 39.0%; log rank 2p= 0.0007). In subgroup analyses, these benefits were significant for both node-positive patients and node-negative patients, but the reduction rates of OA alone on recurrence or mortality appeared smaller in patients with chemotherapy than in those without chemotherapy (Table 1) .
In 2005, another meta-analysis for the therapeutic effects of OA or OFS with almost 8,000 women younger than 50 years of age with ER-positive or ER-unknown breast cancer revealed the definite survival benefits of OA or OFS in terms of recurrence (hazard ratio, 0.830; standard error [SE], 0.07; 2p< 0.00001) and breast cancer mortality (hazard ratio, 0.870; SE, 0.045; 2p= 0.004) [28] . However, the risk reduction rates were 17% for recurrence and 13% for breast cancer mortality, which were not as good as those in earlier meta-analyses of these trials, i.e., 25% for recurrence and 24% for breast cancer mortality.
In contrast, in a 2007 meta-analysis of 16 randomized trials of OFS alone with 11,906 premenopausal women with HRpositive early breast cancer, the therapeutic effect of LHRH agonists as the sole systemic therapy was not found, and there was also a non-significant reduction in recurrence (hazard ratio, 0.72; 95% confidence interval [CI], 0.49-1.04; p = 0.08) and death after recurrence (hazard ratio, 0.82; 95% CI, 0.47-1.43; p= 0.49) [27] . However, the number of patients included in this comparison was too small to determine the clinical significance: the total number of patients was 338, with 167 in the LHRH agonists group and 171 in the control group.
OA/OFS alone versus tamoxifen
The LHRH agonist was directly compared with tamoxifen in a small randomized trial of 320 patients with node-positive and HR-positive or unknown tumors, and no differences were found in the time to first recurrence or overall survival. However, the patient population was once again so small that the clinical significance could not be determined [29] . Therefore, the effect could only be indirectly estimated with a comparison of the separate results of individual treatments. In the EBCTCG's 2005 overview, tamoxifen showed much higher survival benefits than LHRH agonists, in terms of recurrence (tamoxifen: hazard ratio, 0.605; SE, 0.028; 2p < 0.00001 vs. OA/OFS: hazard ratio, 0.830; SE, 0.07; 2p < 0.00001) and breast cancer mortality (tamoxifen: hazard ratio, 0.683; SE, 0.036; 2p< 0.0001 vs. OA/OFS: hazard ratio, 0.870; SE, 0.045; 2p = 0.004) [28] . To date, tamoxifen has been recommended as a standard treatment for premenopausal HR-positive breast cancer, based on this indirect comparison and extrapolation.
OFS alone versus chemotherapy
It was previously mentioned that the effects of OA/OFS were impacted and reduced by systemic chemotherapy (Table  1) [3, 28] . Indeed, data on the direct comparison of OFS alone and chemotherapy alone was found only in the EBCTCG's 2007 meta-analysis, and in a total of 3,184 patients, the therapeutic effects of chemotherapy alone were similar to that of LHRH agonists alone, in terms of recurrence (hazard ratio, 1.04; 95% CI, 0.092-1.17; p = 0.52) and deaths after recurrence (hazard ratio, 0.93; 95% CI, 0.79-1.10; p = 0.40) [27] . However, it should be kept in mind that in most trials, chemotherapy was a CMF-based regimen, though anthracyclinebased regimens were also used in some trials.
OFS+tamoxifen versus tamoxifen and SOFT
The results of studies on OFS with tamoxifen compared with tamoxifen alone are summarized in Table 2 , and conclusive data regarding the combination therapy of OFS with tamoxifen was found in the 2007 EBCTCG meta-analysis [27] . When the use of an LHRH agonist plus tamoxifen without other systemic therapies (n = 407) was compared with a control group without any systemic therapy, the therapeutic effects were definite, with significant reductions in recurrence (58.4%; 95% CI, 36.0-72.9; p< 0.0001), death after recurrence (46.6%; 95% CI, 3.4-70.5; p= 0.04), and death from any cause (49.4%; 95% CI, 12.2-70.8; p = 0.02). However, when the therapeutic effect of the addition of OFS to tamoxifen was [30] , this E-3193 trial was unfortunately closed early because of poor accrual and data that were too underpowered to draw conclusions about the impact on survival. However, the health-related quality of life (QOL) data of the E-3193 trial with 345 patients revealed that adding OFS to tamoxifen resulted in a more significant increase in menopausal symptoms and sexual dysfunction as compared to using tamoxifen alone. In addition, these adverse effects were confirmed in a later trial with a QOL analysis of 1,722 premenopausal patients of HR-positive breast cancer randomly assigned to receive adjuvant treatment with 5 years of tamoxifen plus OFS or tamoxifen alone. During the first 2 years of treatments, worse symptoms and poorer sexual functioning were found in the OFS plus tamoxifen group than in the tamoxifen alone group [31] . With all of these findings, it could be understood that the therapeutic effect of tamoxifen was so strong as not to require the addition of LHRH agonists to the tamoxifen regimen, which can be accompanied by serious adverse effects in premenopausal patients in clinical use. In light of these results, the addition of OFS to tamoxifen has not been accepted as a standard endocrine therapy for premenopausal patients with HR-positive breast cancer to date. In spite of these results, the SOFT was performed to evaluate the uncertain role of OFS in premenopausal women receiving tamoxifen [4] . The therapeutic effect of adding OFS to tamoxifen did not provide a significant benefit to the overall study population (hazard ratio for recurrence, second invasive cancer, or death, 0.83; 95% CI, 0.66-1.04; p= 0.10) compared with using tamoxifen alone. However, for women who were at high risk of recurrent need for adjuvant chemotherapy and who remained premenopausal, the addition of OFS improved overall survival (hazard ratio, 0.63; 95% CI, 0.42-0.96; p= 0.03). Furthermore, in a subpopulation analysis on 5-year breast cancer-free interval (BCFI) according to composite risk of SOFT, the apparent benefit of adding OFS to tamoxifen versus tamoxifen alone was approximately 5%, which was notable in subpopulations with higher composite risk; this benefit diminished in subpopulations with lower composite risk [32] . This result rediscovered the hidden role of OFS and shifted the position of OFS in the domain of endocrine therapy for the treatment of HR-positive breast cancer.
OFS+chemotherapy versus chemotherapy
The additional effect of OFS on chemotherapy showed significant survival benefits in patients with premenopausal HRpositive breast cancer when compared to chemotherapy alone. In the 2007 meta-analyses of OFS combined with LHRH agonists, the addition of LHRH agonists to chemotherapy with or without tamoxifen significantly reduced the recurrence rate (hazard ratio, 0.88; 95% CI, 0.77-0.99; p= 0.04) and death rate after recurrence (hazard ratio, 0.85; 95% CI, 0.73-0.99; p = 0.04) compared with chemotherapy alone (with or without tamoxifen) [27] . This result may have been affected by the therapeutic effect of OFS in those patients that recovered ovarian function after chemotherapy, and be an important clue for understanding the positive results of the SOFT and TEXT trials. 
OFS+AI versus OFS+tamoxifen after chemotherapy: TEXT and ABCSG-12 trial
There were two RCTs that examined the combination of OFS with either AI or tamoxifen with opposite results (Table  3) . The TEXT sought to determine whether adjuvant therapy with exemestane and OFS improved disease-free survival, compared with that of tamoxifen and OFS, among premenopausal women with HR-positive breast cancer [5] . Comparing the additional effect of an LHRH agonist on exemestane with its effect on tamoxifen, there were improvements in diseasefree survival including disease recurrence, second invasive cancer, or death (hazard ratio, 0.72; 95% CI, 0.60-0.85; p < 0.001), but not in overall survival (hazard ratio, 1.14; 95% CI, 0.86-1.51; p = 0.37) with similar adverse events to those of postmenopausal women. Moreover, in a subpopulation analysis of the 5-year BCFI of TEXT [32] pertaining to those patients who did not receive chemotherapy, the average improvement of exemestane plus OFS compared to tamoxifen plus OFS was 3.6%, and the absolute improvement was approximately 1% in patients with the lowest composite risk, increasing to about 10% in patients with the highest composite risk. Among TEXT patients who received adjuvant chemotherapy and OFS concurrently, the average improvement of the 5-year BCFI with exemestane plus OFS versus tamoxifen plus OFS was 5.8%, and the absolute improvement was approximately 3% among patients with the lowest composite risk. The percentage improvement ranged from 5% to 15% as composite risk increased in this cohort of patients who received chemotherapy.
In contrast, the ABCSG-12 trial was performed to evaluate the therapeutic effect of zoledronic acid, a bisphosphonate, added to adjuvant endocrine therapies (goserelin+anstarozole or goserelin+tamoxifen) for 3 years in premenopausal women with early breast cancer [33] . In a subgroup comparison of the ABCSG-12 trial, OFS with anastrozole was directly compared with OFS with tamoxifen during a median follow-up of 7.9 years. In the results of this trial, there was no significant difference in DFS (hazard ratio, 1.13; 95% CI, 0.88-1.45; Cox p = 0.335) between the two groups. However, in contrast to the results of the TEXT trial, a higher death rate was found in the OFS with anastrozole group (hazard ratio, 1.63; 95% CI, 1.05-2.52; Cox p = 0.030). Among the 251 patients with disease recurrence, the relative risk of death was significantly higher in patients who received OFS and anastrozole, compared with patients treated with OFS and tamoxifen (53/134 vs. 33/117; hazard ratio, 2.0; 95% CI, 1.28-3.13; Cox p = 0.002). The discordance in the results of these two trials may be explained by variances in the number of patients and the duration of therapy. However, the exact role of the addition of OFS to AI should be determined with further, larger RCTs.
CLINICAL EVIDENCE FOR PROTECTIVE ROLE OF OFS FOR PRESERVATION OF OVARIAN FUNCTION
Although the protective effect of LHRH agonists against chemotherapy has been demonstrated in experimental studies, inconsistent results have been reported in humans [34, 35] . In 2013, the ASCO concluded that the use of LHRH agonists was not an effective method of fertility preservation based on the current state of understanding regarding these agents, though there may be other potential benefits, including the inhibition of menses during intensive chemotherapy, thereby preventing certain complications such as menorrhagia [36] . ASCO guidelines recommended embryo cryopreservation and oocyte cryopreservation as standard practice for fertility preservation in female cancer patients.
However, a randomized trial of OFS for fertility preservation was recently published and the results demonstrated the benefits of the preservation of ovarian function, as well as OFS' therapeutic effects [6] . In this Prevention of Early Menopause Study (POEMS/S0230) trial, a total of 257 premenopausal women with operable HR-negative breast cancer were enrolled and received either standard chemotherapy with an LHRH agonist or standard chemotherapy alone in order to first reveal the rates of ovarian failure and pregnancy outcomes after 2 years, and then to evaluate the disease-free and overall survival rates. Among 135 patients with complete primary end-point data, the ovarian failure rate was 8% in the LHRH agonist group and 22% in the chemotherapy-alone group (hazard ratio, 0.30; 95% CI, 0.09-0.97; 2p = 0.04), and pregnancy occurred in more women in the LHRH agonist group than in the chemotherapy-alone group (21% vs. 11%, p = 0.03). In addition, with a median follow-up time of 4.1 years, women in the LHRH group also had improved diseasefree survival (hazard ratio, 0.49; 95% CI, 0.24-0.97; p= 0.04) and overall survival (hazard ratio, 0.43; 95% CI, 0.18-1.00; p= 0.05). Even though the data are too small and incomplete to determine the generalizable clinical significance, these results of this trial suggested that the exact role of OFS in fertility preservation should be clarified in larger, well-designed RCTs in the future.
CONCLUSION
Endocrine therapy for breast cancer began with OA more than a century ago and following the discovery of LHRH agonists, OA was gradually substituted by OFS. The role of OA and/or OFS in the treatment of premenopausal patients with HR-positive breast cancer has evolved according to developments in breast cancer research and clinical trials for improved treatments. Today, even though OFS is not a standard treatment for adjuvant endocrine therapy in premenopausal HR-positive breast cancer, the definitive role of OFS as an adjuvant endocrine therapy combined with tamoxifen or AI has been established and is recommended for high-risk patients that need chemotherapy among premenopausal women with early breast cancer. In addition, the important role of OFS to preserve ovarian function in premenopausal cancer patients has remained controversial, and recently this role of OFS was supported by small evidence showing the protective effect of OFS on the ovaries during chemotherapy, as well as the therapeutic effect for breast cancer in premenopausal women with HR-negative breast cancer. The exact roles of OFS in premenopausal patients with HR-positive breast cancer should be determined by larger RCTs in the near future.
